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ABSTRACT 


This  report  presents  the  sample  world-wide  satellite  tracking 
program  carried  out  by  the  kray  Map  Seirvice,  By  using  satellites 
with  known  heights  and  inclinations  and  the  coordinates  of  known 
points  on  geodetic  datums,  the  coordinates  of  unknown  points  were 
related  to  these  datums.  The  known  and  unknown  points  used  in 
each  segment  of  the  program  are  presented,  and  the  probable  error 
in  the  correction  to  each  unknown  point  is  given. 

This  program  is  intended  to  be  a  theoretical  problem  for 
testing  the  range  error  analysis  theory  and  equations  and  the  resulting 
errors  which  would  be  associated  with  each  determined  posltlonj 
therefore,  the  coordinates  used  for  the  known  and  unknown  points 
were  taken  from  maps  and  gazetteers  and  are  only  approximate. 
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RANGE  ERROR  ANALYSIS 


I.  GHJERAL  PIAN 

In  order  to  determine  as  accurately  as  possible  the  coordinates  of 
an  unknown  geodetic  point  on  the  earth  in  relation  to  other  known  points, 
satellites  with  known  heights  and  Inclinations  are  used.  Since  the 
absorption  and  refraction  of  the  satellite  signals  increase  with  the 
observer's  zenith  distance,  the  accuracy  of  the  signals  received  de¬ 
creases  accordingly j  therefore,  the  s^itellite  must  necessarily  be 
observed  within  a  limited  zenith  distance.  Applying  this  restriction 
three  points  on  a  known  datum  and  a  fourth  point  on  an  unknown  datum 
are  chosen,  and  the  area  of  simultaneity  is  determined  (Figure  1).  As 
the  distance  between  the  points  decreases,  this  area  Increases  (Figure  2). 
However,  the  angle  between  the  lines  of  sight  from  the  ground  stations 
to  the  satellite  becomes  so  small  that  the  accuracy  of  the  Information 
obtained  is  greatly  reduced  (Figure  3) o  For  this  reason  the  points 
niust  be  chosen  carefully. 

Given  the  geometry  set  by  the  four  stations,  and  with  certain 
assumptions  made  regarding  the  ranging  exror,  the  error  in  the  position 
of  any  one  of  the  four  stations  can  be  determined.  This  is  a  simple 
application  of  the  principle  of  propagation  of  errors  that  would  occur 
in  a  planned  world-wide  tx*iangulation  net  created  by  positioning  at  and 
txacking  from  four  points  (ranging  stations)  of  the  net  at  one  time. 
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2 


FIG.  2 


UmUTE  SATELLITE 


FIG.  3 
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II.  HEIHCD 


Ih  each  oonflgoratloa  of  four  atationa,  the  atatioa  eoordlaatea 
and  three  aatelllte  pointa  ehoaen  from  within  the  area  of  aimulta*- 
neitj  were  iaeorporated  into  a  aeriea  of  matrix  algebra  aolutloma 
from  which  ultimately  erolTod  the  probable  error  la  the  correctioaa 
to  the  uakaowa  atatioa  eoordlaatea. 

HI.  BQPATIOWS 

The  eq[uatioaa>  their  derim tloaa«  and  the  method  of  aolutiaa 
are  aa  fellowat 

Satellite  Poaltioaa  (S^j,  S^j,  S^j)  and  Statioa  Poaitloaa 

l\)  are  referred  to  aa  earth-fixed  rectangular  ayatem 
with  origia  at  the  eeater  of  the  reference  ellipaoid,  axla 

lying  ia  the  equator  and  directed  poaltiTely  toward  the  Qreeawioh 
Haridiaa,  Z^(Sp)  ada  poaitlre  toward  the  North  Pole  and  Z^(S^) 
axia  foxmiag  a  right-handed  ayatem.  The  baala  for  the  analyala  la 
the  dlataace  relatiea 

(rji)2  -  (S^j  -  X^i)2  ♦  (S^j  -  x2i)2  ♦  (s3j  .  x3^)2 
which  yielda  the  error  equatiom 
Arji  •  ^ 

with  J  satellite  poaitiona  obaerred  from  each  of  four  statlona 
(atatioa  (fU  aoauned  "aakaoMa")  •  Theae  equatioma  may  be  arranged 
aa  follows t 


1*. 


k  -  1,2,3 

-  Qipisfj  -  Q2[axJJ  i  -  1,2,3 

J  ■  1^2  t  •  •  ^«I 


•  <^3  -  %  '^^k 


where: 


Aril 

a3i 

«i 

Ari2 

c4 

Axg 

.[Arjt]  ■ 

Aril 

HJ' 

• 

■ - 

• 

AxJ 

Arji 

• 

• 

• 

• 

<4 

• 

Arj3 

asj 

4 

and  the  On  are  shown  on  the  following  pages* 

Choosing  three  suitably  located  satellite  positions  and  as¬ 
suming  the  variances  in  ranges  and  "known"  station  coordinates  are 
known,  the  final  relation  gives  the  variances  in  the 

corrections  to  the  "unknown"  station  coordinates* 

Variance  Matrix  of  Point  Located  By  Ranging 
Qiv0&t  ^  *  ^^2^3  J  *  1^2^ 

and  X^,  K  -  1,2,3  and  i  -  1,2, 3,U  , 

compute  for  each  pair  (J  i): 


^jik 


755 


qk- 

£1 


k  jk^2 

TT^ 


«nd  for  each  set  (j  i  k) J 


'■ji 


Form  the  matrices  Q2»  ^3^ 


^111 

‘1112 

*1113 

0 

0 

0 

♦  •  •  0 

0 

0 

'1]21 

‘^122 

^123 

0 

0 

0 

...  0 

0 

0 

^131 

*1132 

^133 

0 

0 

0 

•  «  •  0 

0 

0 

0 

0 

0 

^’211 

q2i2 

*1213 

#  •  •  0 

0 

0 

0 

0 

0 

<1221 

q222 

‘*223 

•  #  •  0 

0 

0 

0 

0 

0 

‘I23I 

q232 

q233 

•  •  •  0 

0 

0 

♦  • 

•  • 

•  • 

•  • 

•  • 

•  • 

...  0 

0 

0 

•  • 

•  • 

•  • 

•  • 

•  « 

#  • 

...  0 

0 

0 

0 

0 

0 

0 

0 

0 

’  •  ’  ‘*J11 

‘*J12 

‘*J13 

0 

0 

0 

0 

0 

0 

•  *  ♦  qj2i 

‘*J22 

‘1J23 

0 

0 

0 

0 

0 

0 

•  •  ♦  qj3i 

CM 

0^ 

qj33 
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Q 


‘^111  ^112  ^1113 

0  0  0 

0  0  0 

<1211  <1212  <1213 
0  0  0 

0  0  0 


qjll  <U12  ^J13 

0  0  0 

0  0  0 


0  0  0 

‘1121  ^1122  ‘^123 
0  0  0 

0  0  0 

<1221  <1222  ^^223 
0  0  0 


0  0  0 

‘U21  ‘U22  ‘U23 

0  0  0 


0  0  0 

0  0  0 

'^131  *^132  *^133 
0  0  0 

0  0  0 

<1231  <1232  <^233 


0  0  0 

0  0  0 

‘1J31  <1J32  <1J33 


<lllil  <llli2  <lm3  0  0  0 

000  q2hl  ^2h2  ^2h3 
0  0  0  0  0  0 


0  0  0  0  0  0 


0  0  0 

0  0  0 

^3hl  *^3112  ‘I3U3 


O'  0  0 
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The  dimensions  of  matrices 

Q2i  Q3J 

,  are  as 

follows : 

Matrix 

Rows 

Columns 

Ql 

3J 

3j 

^2 

3J 

9 

<^3 

J 

3J 

% 

J 

3 

Confute  the  matrices: 

C  = 

'  ^ 

1  i 

B  - 

II 

1 

'bmi 

A  - 

BQ2 

•i 

•  •ran| 

and  form  the  matrix 

f" 

M  = 

a|b|o 

Confute: 

1 

where  the  elements  'of  07^2 

are  given 1 

t 

The  dimensions  of  matrices  A,  B,  C,  M,  are  as  follows: 


Matrix 

Rows 

Columns 

A 

3 

9 

B 

3 

3J 

C 

3 

J 

M 

3 

1|J  + 

3 

3 

o-A 

UJ  +  9 

1<J  + 

The  derivation  of  the  equations  is  as  follows: 
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Substituting  II  in  17  and  setting 

°  ■  [<3u\] 

B  ■  CQ3  [qi'^QiJ  Qi'T 

A  a  BQ2 

the  equation  becomes: 


Setting 


I 

2  2  T 

Then  CTZ^  xli  ■  M  ■  the  variances  in  the  corrections  to 

tho  "unknovn'  station  cooi’d:! nates# 
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17,  RESULTS  TABLES 


The  variances  (probable  errors)  coii?3uted  for  73  "unknown” 
station  coordinates  ranged  from  ±  89,k  meters  to  ±  589.6  meters. 
Of  the  73  variances  con^juted,  55  (or  75/^)  were  in  the  interval 
of  t  100  to  +  300  meters.  There  were  only  2  variances  less 
than  ±  100  meters.  The  following  table  shows  the  distribution 
of  the  variances  and  the  final  results. 


INTERVAL 

(Meters) 

0-99 

100-199 

200-299 

300-399 

U0O-li99 

500-599 

NO.  OF 
VARIANCES 

2 

32 

23 

7 

5 

h 

The  station  coordinates,  satellite  positions,  and  plotted 
areas  of  simultaneity  used  for  each  configuration  in  the  error 
analysis  are  shown  on  the  following  pages.  See  Figure  h  for 
the  world-wide  program. 
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THE  WORLD  i.mooo.ooo  .0  WORLD 


SATELLITE  k 


50°  Inclination 


Height  -  noli  KM 
Phase  I  -  1 


Johnston, 

Kauai ,  Laysan 

-  -  -  Tarawa 

0 

A 

h(ineters) 

Name 

1 

16.75 

-169.51667 

12 

Johnston 

2 

21.96667 

-159.6667 

6 

Kauai 

Known 

Stations 

3 

25.76667 

-171.73333 

11 

Laysan 

U 

1.38333 

173.15 

3 

Tarawa 

Unknown 

I 

7.8 

178.0 

llOliOOO 

Satellite 

II 

-6.0 

176.0 

llOliOOO 

Positions 
Fixed  by 

m 

2.li 

165.2 

llOliOOO 

Unknown 

Stations 

I 

2U.U 

-167.3 

llOliOOO 

Satellite 

n 

22,1 

-163.6 

iiouooo 

Positions 
Fixed  by 

III 

18,7 

-167.0 

llOliOOO 

Known 

Stations 

Limit  60°  Zenith  Distance 


FINAL  RESULTS; 

Tarawa  -  99,3  Uncertainty  (Meters) 


U 


SATELLITE  A,  PHASE  M 
JOHNSTON,  KAUAI,  LAYSAN-TARAWA 
(KNOWN)  (UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  KNOWN  STATIONS 
LIMIT  60°  ZENITH  DISTANCE 


X 
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SATELLITE  A,  PHASE  I-l 
JOHNSTON,  KAUAI,  LAYSAN-TARAWA 
(KNOWN)  (UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  UNKNOWN  STATION 
LIMIT  60°  ZENITH  DISTANCE 
50°  INCLINATION 


X 
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^0°  liiclination 

SATELLITE  A 

Height  ■  noli  KM 


Phase 

1-2 

Johnston, 

Kauai,  Hawaii 

—  PaliTiyra,  Howland 

0 

A 

h(meter*) 

Name 

1 

16.75 

-169.51667 

12 

Johnston 

Known 

2 

21.96667 

-159.66667 

6 

Kauai 

Stations 

3 

19.21667 

-155.86667 

Hawaii 

li 

5.86667 

-162.1 

2 

Palmyra 

Unknown 
Station _ 

I 

16.5 

-167.5 

llOliOOO 

Satellite 

Positions 

n 

16.9 

-157.5 

llOliOOO 

Lindt  60° 
Zenith 

III 

10.2 

-162.0 

llOliOOO 

Distance 

li 

0.8 

-176.63333 

9. 

Howland 

Unknown 

Station 

I 

li.2 

176.2 

llOliOOO 

Satellite 

Positions 

II 

-6.U 

180.0 

noliooo 

Fixed  by 
Unknown 

III 

3.8 

-169.2 

llOliOOO 

Station 

I 

21.8 

-167.6 

noliOoo 

Satellite 

Positions 

n 

21.5 

-163.5 

llOliOOO 

Fixed  by 
Known 

III 

m.u 

-162,2 

llOliOOO 

Stations 

FINAL  RESULTS; 

Palmyra  ±  58U.6  Uncertainty  (meter*) 
Howland  ±157.8  "  " 
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SATELLITE  A,  PHASE  1-2 
LIMIT  60"  ZENITH  DISTANCE 

SATELLITE  POSITIONS  FIXED  BY  KNOWN  STATIONS 
(JOHNSTON,  KAUAI,  HAWAII)  FOR  ORBITAL 
OBSERVATION  WITH  UNKNOWN  (HOWLAND) 


-154 
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SATKJ^LU’K  A,  HHASK  I  ‘J 
JOHNSTON,  KAHAJ.  HAW  AII- 
(KNOWN) 

PALMYRA 

(UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  KNOWN  S'l  U  Imns 
WITH  UNKNOWN  STATION  FOR  SIMULTANEOUS  oBsKlO  M  ION 
LIMIT  60”  J5EN1TH  DISTANC  E 


,KAUA 


JOHNSTON  , 


.PALMYRA 


SATELLITE  A,  PHASE  1-2 
JOHNSTON,  KAUAI,  HAWAII- 
(KNOWN) 

HOWLAND 

(UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  UNKNOWN 
STATION  FOR  ORBITAL  OBSERVATION 
LIMIT  60°  ZENITH  DISTANCE 


-3 


-3 


-7 


-9  •- 

174 


176 


178 


180 


-174 


-172  -170  -168 
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SATELLITE  A 


50°  Liclination 
Height  -  IlOh  KM 


Phase  1-3 


Wake^  Eniwetok,  Maloelap 

—  Midway, 

Howland 

0 

A 

h( meters) 

Name 

1 

19.26667 

166.65 

6.0 

Wake 

Known 

2 

11.35 

162.33333 

5.0 

Enlwetok 

Stations 

3 

8.9 

170.85 

U.o 

Maloelap 

U 

0.8 

-176.63333 

9.0 

Howland 

Unknown 

Station 

I 

-5.0 

178.0 

llOl^OOO 

Satellite 

Positions 

II 

6.2 

176. U 

llOliOOO 

Fixed  by 
Unknown 

III 

-1.0 

-168.8 

llOliOOO 

Station 

I 

12.0 

163.5 

iioUooo 

Satellite 

Positions 

II 

16.5 

168.5 

iioUooo 

Fixed  by 
Known 

III 

12.1 

170.3 

llOliOOO 

Stations 

U 

28.21667 

-177.33333 

3 

Midway 

Unknown 

Station 

I 

22.6 

176.9 

IioUooo 

Satellite 

Positions 

II 

32.7 

176.0 

noUooo 

Fixed  by 
Unknown 

III 

29.0 

-167.2 

IioUooo 

Station 

FINKL  RESULTS: 

Howland 

4  195. U 

Uncertainty  (meters) 

Midway 

±  102.2 

It  n 
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SATELLITE  A,  PHASE  1-3 
WAKE,  ENIWETOK,  MALOELAP 
(KNOWN) 

LIMIT  60 ZENITH  DISTANCE 
SATELLITE  POSITIONS  FIXED  BY  KNOWN 
STATIONS  FOR  ORBITAL  OBSERVATION 


X 
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SATELLITE  A,  PHASE  1-3 
WAKE,  ENIWETOK,  MALOELAP- 
(KNOWN) 

MIDWAY 

(UNKNOWN) 

LIMIT  60°  ZENITH  DISTANCE 
SATELLITE  POSITION  FIXED  BY  UNKNOWN 
STATION  FOR  ORBITAL  OBSERVATION 


MIDWAY 


50°  Inclination 

SATELLITE  A 

Height  -  IlOh  KM 


Phase  I  - 

h 

Wake, 

Eniwetok,  Maloelap 

—  Tarawa j 

Nauru,  Kusaie 

0 

A 

h(meters) 

Name 

1 

19.26667 

166.65 

6.0 

Wake 

2 

11.35 

162.33333 

5.0 

Eniwetok  Known 

Stations 

3 

8.9 

170.85 

ii.O 

Maloelap 

h 

1.38333 

173.15 

3.0 

Tarawa 

Unknown 

Station 

I 

13*2 

17li.O 

iioUooo 

II 

7.9 

163.0 

iioUooo 

Satellite 

Positions 

III 

9.8. 

17li.O 

llOliOOO 

h 

-0.53333 

166.91667 

8.0 

Nauru 

Unknown 

Station 

I 

9.U 

173.5 

llOliOOO 

n 

9.3 

160.0 

1101*000 

Satellite 

Positions 

III 

7.3 

166.9 

1101*000 

U 

5.31667 

163.0 

629.0 

Kusaie 

Unknown 

Station 

I 

9.8 

17li.O 

1101*000 

n 

17.2 

162.2 

1101*000 

SatelUte 

Positions 

HI 

10.1 

158.9 

nouooo 

FINAL  RESULTS: 


Tarawa 

± 

1*07.1 

Uncertainty  (meters) 

Naurn 

521.8 

It 

It 

s. 

Kusaie 

± 

160.0 

tl 

ft 

50°  Inclination 

SATELLITE  A 

Height  -  noli  KM 
Phase  1-5 


Wake,  Eniwetok, 

Maloelap 

-  -  -  Ponape, 

Tokyo,  ffeircu* 

0 

;i 

h (meters) 

Name 

1 

19.26667 

166.65 

6,0 

Wake 

2 

11.35 

162,33333 

5.0 

Eniwetok 

Known 

Stations 

3 

8.9 

170.85 

1;#0 

Maloelap 

li 

6.96667 

158.2 

305.0 

Ponape 

Unknown 

Station 

i 

10.1 

158.9 

iioliooo 

II 

7.8 

170.1 

llOliOOO 

Satellite 

Positions 

in 

18.0 

163.1 

llOiiOOO 

I 

12 

163.5 

llOliOOO 

Satellxte 

Positions 

II 

16.5 

168.5 

llOliOOO 

Fixed  by 
Known 

m 

12.1 

170.3 

llOliOOO 

Stations 

U 

35.65 

139.75 

100 

Tokyo 

Unknown 

Station 

~T 

lii6.0 

migigiiiii 

Satellite 

Positions 

II 

li0,6 

lli6.0 

llOliOOO 

Fixed  by 
Unknown 

m 

37. li 

132.0 

llOliOOO 

Station 

U 

2li.3 

153.96667 

7 

Marcus 

Unknown 

Station 

I 

20.2 

160.8 

llOliOOO 

Satellite 

Positions 

II 

29.8 

lliB.li 

llOliOOO 

Fixed  by 
Unknown 

III 

21.2 

lli6.6 

llOliOOO 

Station 

FINAL  RESULTS; 

Ponape  *  159 *0  Uncertainty  (meters) 

Tokyo  ^  103.li  ”  " 

Marcue  t  llil,8  "  '» 
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SATELLITE  A,  PHASE  1-4,  :> 

LIMIT  60°  ZENITH  DISTANT  t 
WAKE.ENIWETOK.MALOELAP- 
(KNOWN) 

TARAWA,  NAURU,  KUSAIE,  PON  APE 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  KNOWN  AND  UNKNOWN  STATIONS 
FOR  SIMULTANEOUS  OBSERVATIONS 


156  158  160  162  164  166  168  170  172  174  176 


k 
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SATELLITE  A,  PHASE  1-5 
LIMIT  60°  ZENITH  DISTANCE 
WAKE,  ENIWETOK,  MALOELAP- 
(KNOWN) 

TOKYO 

(UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  UNKNOWN 
STATION  FOR  ORBITAL  OBSERVATION 
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SATELLITE  A,  PHASE  1-5 
LIMIT  60'  ZENITH  DISTANCE 
WAKE,  ENIWETOK,  MALOELAP- 
(KNOWN) 

MARCUS 

(UNKNOWN) 

SATELLITE  POSITION  FIXED  BY  UNKNOWN 
STATION  FOR  ORBITAL  OBSERVATION 


AAARCUS 


SATELLITE  A 


Inclination 
Height  ■  IlOU  KM 


Phase  1-6 


Kuiaie^  Ponape>  Blniwetok  —  Truk 


0 

A 

h( meters) 

Name 

1  5.31667 

163.0 

629 

Kusaie 

2  6.96667 

158.2 

305 

Ponape 

Known 

Stations 

3  11.35 

162.33333 

5 

Eniwetok 

U  7.U5 

151.85 

370 

Truk 

Unknown 

Station 

I  6.9 

151.2 

iiouooo 

II  16.7 

159.6 

llOliOOO 

Satellite 

Positions 

III  -0.6 

160.8 

llOliOOO 

- 

FINAL  RESULTS; 


Truk  ~ 


229,2  Uncertainty  (meters) 


SATELLITE  C 


Inclination 
Height  -  IlOU  KM 


Phase  1-7 


Truk,  Ponape,  Kapingamarangi  —  Pulusuk,  Ifallk 


0 

A 

h( meters) 

Name 

1 

7.1;5 

151.85 

370 

Truk 

2 

6,96667 

158.2 

305 

Ponape 

Known 

3 

1.06667 

155.75 

25 

Stations 

Kapingamarangi 

h 

6.68333 

1149.31667 

50 

Pulusuk 

Unknown 

Station 

I 

8.6 

II46.I4 

iiouooo 

II 

-U.3 

151.3 

11014000 

Satellite 

III 

12.2 

159.9 

11014000 

Positions 

U 

7.2333 

II4I4.36667 

27 

Ifallk 

Unknown 

Station 

I 

8.6 

1U6.U 

liokooo 

II 

-2.7 

151.2 

11014000 

Satellite 

III 

13.0 

155.1 

11014000 

Positions 

FINAL  RESULTS ; 

Pulusuk  ± 

126.2  Uncertainty  (meters) 

Ifallk  1 

262.1  '• 

ft 
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SATELLITE  A.  PHASE  1-6,7 
LIMIT  60°  ZENITH  DISTANCE 
KUSAIE,  PONAPE,  ENIWETOK^PHASE  1-6  (TRUK) 

(KNOWN)  (UNKNOWN) 

TRUK,  PONAPE,  KAPINGAMARANGI-PHASE  1-7  (PULUSUK,  IFALIK) 
(KNOWN)  (UNKNOWN) 


SATELLITE  POSITIONS  FIXED  BY  KNOWN  AND 
UNKNOWN  STATIONS  FOR  SIMULTANEOUS  OBSERVATIONS 


146  148  150  152  154  156  158  160  162  164 
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40®  Inclination 

SATELLITE 

C 

Height  -  1104  KM 

Phase 

1-8 

Ifallk,  Manus 

-  -  -  -  Saipan^ 

Guam,  Ulithi 

0 

A 

h( meters) 

Name 

1 

7.U5 

151.85 

370 

Truk 

2 

7.23333 

11*4.36667 

27 

IfaUk 

Knoan 

Stations 

3 

-1.91667 

11*6.88333 

1 

Manus 

U 

15.2 

11*5.7 

152 

Saipan 

Unknown 

Station 

"T 

II 

7.2 

l5U.i* 

1104000 

Satellite 

Positions 

ni 

9.9 

11*7.0 

1104000 

h 

13.W333 

11*1*.78333 

100 

Quaa 

Unknown 

Station 

I 

2.2 

141.2 

1101*000 

n 

7.0 

154.8 

1104000 

Satellite 

Positions 

in 

9.9 

147.6 

iioUooo 

h 

10.03333 

139.78333 

1 

Ulithi 

Unknown 

Station 

I 

-1.1 

143.7 

1104000 

ii 

7.7 

140.0 

1104000 

Satellite 

Positions 

in 

9.0 

151.6 

1104000 

FINAL  RSSDLTSt 

Salpaa  -  281 .9  Uneertaintj  (neten) 
OMa  t  215.U  ••  » 

UUthl  t  193.9  "  " 


U0°  Inclination 

SATELLITE  C 

Heipht  -  noli  KM 
Phase  1-9 


Truk,  Ifalik,  Manus  -  -  -  Palau,  New  Guinea 


0 

h( meters) 

Name 

li 

7.61667 

131;.58333 

183 

Babelthuap,  Unknown 
Palau  Station 

I 

-0.6 

ll;3.2 

llOliOOO 

II 

7.7 

ll;0',0 

llOliOOO 

Satellite 

Positions 

III 

9.9 

lli6.2 

llOiiOOO 

ll 

-I.I18333 

137.9 

30 

Kaap  D’Urville,  Unknown 
New  Guinea  Station 

I 

-3.1; 

li;9.6 

llOliOOO 

II 

0.6 

D;2.2 

iioUooo 

Satellite 

Positions 

III 

9.2 

ll;2.9 

noUooo 

FINAL  RESIfLTS; 

Palau  -  369,9  Uncertainty  (meters) 

New  Guinea  ±  297.2  ''  " 
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SATELLITE  C.  PHASE  1-8.  y 
LIMIT  60^  ZENITH  DISTANCE 
TRUK.  IFALIK,  MANUS- 
(KNOWN) 

PHASE  1-8  (SAIPAN,  GUAM,  ULITHI) 

PHASE  1-9  (PALAU,  NEW  GUINEA) 

(UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  KNOWN 
AND  UNKNOWN  STATIONS  FOR  SIMULTANEOUS  OBSERVATIONS. 
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UO®  Inclination 

SATELLITE  C 

Height  -  IlOU  KM 
Phase  I  -  10 

Kaplngamarangi,  Rabaul^  Manus  —  Port  Moresby,  CooktoNB, 

Townsville 


0 

A 

hCwters) 

Name 

1 

1.66667 

155.75 

25 

Kapingamaran  gi 

2 

-U.2 

152.18333 

,  16 

Rabaul 

Known 

Stations 

3 

-1.91667 

1U6. 88333 

2 

Manus 

U 

-9.U6667 

1U7.2 

152 

Port  Moresby 

Unknown 

Station 

I 

1.8 

m3.9 

110^000 

Satellite 

Positions 

II 

-6.3 

158. li 

iiouooo 

Fixed  by 
Unknown 

III 

-7.2 

1U8.2 

iioUooo 

Station 

k 

-15.U6667 

1U5. 33333 

100 

Cooktown 

Unknown 

Station 

I 

-3.8 

1U7.6 

iioUooo 

Satellite 

Positions 

II 

-23.7 

15U.0 

IIOUOOO 

Fixed  by 
Unknown 

III 

-26.5 

138.0 

IIOUOOO 

Station 

h 

-19.5 

1U6.66667 

100 

Townsville 

Unknown 

Station 

1 

-9.8 

155.9 

IIOUOOO 

SatelUte 

Positions 

U 

-O.U 

lUli.O 

IIOUOOO. 

Fixed  by 
Unknown 

JU 

1.0 

160.6 

IIOUOOO 

Station 

I 

-7.5 

1U6.0 

IIOUOOO 

Satellite 

Positions 

n 

-27.0 

156.0 

IIOUOOO 

Fixed  by 

Known 

_ 

_ lllO.fi _ 

IIOUOOO 

T  A  . 

_ 1^  _ # 

Limit  60  Zenith  Distance 


FIMAL  RESULTS; 

Port  Moresby  t  209.1  Uncertainty  (meters) 
Cooktown  +  292.9  "  " 

Townsville  t  288.5  '•  " 
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SAFELLITK  ('.  PHASE  l-io 
LIMIT  (>ii  XENITH  I)ISTAN(’K 
KAPINl'.AMARANtH,  RABAUL.  MANUS 
(KNOWN) 

Pimr  MORESBY.  COOKTOWN. 
TOWNSVILLE 
(UNKNOWN) 


1.  PORT  MORESBY  (UNKNOWN) 
SATELLITE  POSITIONS  FIXED 
BY  KNOWN  AND  UNKNOWN 
STATIONS  FOR  SIMULTANEOUS 
OBSERVATIONS. 

2.  SATELLITE  POSITIONS  FIXED 
BY  KNOWN  STATIONS  FOR  ORBI¬ 
TAL  OBSERVATIONS(FOR  COOK- 
TOWN  AND  TOWNSVILLE). 


NO  144  144  141  ,  150  152  154  154  151  140 
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U0°  Inclination 

SATELLITE  C 

Height  ■  IlOh  KM 
Phase  I  ~  11 

Ulithi,  Babelthuap,  Kaap  D'Urville^-—  Catabato,  Surigao 


(New  Guinea) 

0 

A 

h( meters) 

Name 

1 

10.03333 

139.78333 

1 

Ulithi 

2 

7.61667 

13U.58333 

183 

Babelthuapj 

Known 

(New  Guinea) 

Stations 

3 

-1.U8333 

137.9 

30 

Kaap  D'Urville 

(New  Guinea) 

h 

7.15 

12U.15 

683 

Catabato 

Unknown 

Station 

I 

-0.1 

133.5 

IIOUOOO 

II 

6.0 

128.5 

iiohooo 

Satellite 

Positions 

III 

10.3 

135.5 

iiol^ooo 

i; 

9.75 

125.U1667 

305 

Surigao 

Unknown 

Station 

I 

0.2 

132.8 

iiouooo 

II 

6.0 

128.5 

iioUooo 

Satellite 

Positions 

III 

10. U 

137.2 

iiouooo 

Limit  -  60°  Zenith  Distance 


FINAL  RESULTS; 

Catabato  *  589«6  Uncertainty  (meters) 

Surigao  t  $09.^  "  " 


SATELLITE  C.  PHASE  Ml 
LIMIT  60'  ZENITH  DISTANCE 
ULITHI,  BABELTHUAP,  KAAP  D’URVILLE 
(KNOWN) 

CATABATO,  SURIGAO 
(UNKNOWN) 

SATELLITE  POSITIONS  FIXED  BY  KNOWN 
AND  UNKNOWN  STATIONS  FOR  SIMULTA¬ 
NEOUS  OBSERVATIONS. 


41 


SATELLITE  B 


90°  Inclination 
Height  -  3200  KM 


Phaie  1-12 


Kaap  D'Urville,  Kuching, 

Aparri  — 

Darwin, 

Wyndham 

0 

A 

h(meter8) 

Name 

1 

-1.U8333 

137.9 

30 

Kaap  D'Urville 

2 

1.5 

110.33333 

25 

Kuching 

Known 

Stations 

3 

18.13333 

121.9 

740 

Aparri 

h 

-12.33333 

130.83333 

30 

Darwin 

Unknown 

Station 

I 

8,U 

117.2 

3200  000 

II 

12.5 

132.7 

3200  000 

Satellite 

Positions 

III 

-6.8 

12U.0 

3200  000 

h 

-15.55 

128.05 

120 

V/yndhsm 

Unknown 

Station 

I 

6.4 

116.U 

3200  000 

II 

8.6 

134.2 

3200  000 

Satellite 

Positions 

in 

-6.8 

124.0 

3200  000 

Limit  -  60°  Zenith  Distance 


FINKL  RS5PLTS: 

Darwin  *  181.6  Uncertainty  (meters) 

Wyndham  *  203*1 


II 


SATELLITE  B,  PHASE  M2 
LIMIT  60°  ZENITH  DISTANCE 
KAAP  D’URVILLE,  KUCHING,  APARRI 
(KNOWN) 

DARWIN,  WYNDHAM 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS  FIXED  BY 
THE  3  KNOWN  STATIONS  AND  THE  2  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 


-12 


.DARWIN 


-16*- 

104 


LWYNDHAM 

108  112  116  120  124  128  132 

k 


136 


140 
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SATELLITE  C 


liO®  Inclination 
Height  -  IlOU  KM 


Phise  II  -  1 


Laccadives*  Maldives,  Columbo  -  -  -  Cocos  Island 


0 

h (meters) 

Name 

1 

10.08333 

73.63333 

0 

Laccadiv  ;■ 

2 

5.96667 

73.38333 

0 

Maldives 

Known 

Station 

3 

6.93333 

79.85 

10 

Columbo 

I 

2.2 

73.5 

llOliOOO 

Satellite 

Positions 

II 

13.6 

75.6 

llOliOOO 

Fixed  by 

Known 

III 

7.6 

81.0 

iioUooo 

Stations 

I; 

-12.11667 

96.91667 

0 

Cocof  Island  Unknown 

~ 

Station 

-9.6 

89.1; 

iiouooo 

Satellite 

Positions 

II 

-13.U 

10U.8 

iiouooo 

Fixed  by 
Unknown 

III 

-1;.3 

93.6 

iioUooo 

Station 

X  0 

Limit  60  Zenith  Distance 


FINAL  RESULTS: 


Laccad;i  vns 

+ 

89.1; 

Uncertainty  (meters) 

Maldives 

+ 

106.8 

tt 

It 

Cocos  Island 

+ 

393.5 

It 
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SATELLITE  C,  PHASE  IM 
LIMIT  60“  ZENITH  DISTANCE 
LACCADIVES,  MALDIVES,  COLUMBO- 
(KNOWN) 

COCOS  ISLAND 
(UNKNOWN) 

SATELLITE  COORDINATES  FIXED  BY  UNKNOWN 
STATION  FOR  ORBITAL  OBSERVATION 


X 
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90°  Liclination 

SATELLITE  B 

Height  -  3200  KM 


Phase  II  -  2 


Karachi,  Columbo,  Calcutta  —  Chagos  Archipelago,  Dante,  Socotra 
^  A  h(ineters)  Name 


1 

2 

3_ 

21 1. 61667 

6.93333 

22.55 

66.1j5 

79.85 

88.35 

25 

10 

6 

Karachi 

Columbo 

Calcutta 

Knovn 

Stations 

h 

-7.31667 

72.1+3333 

2 

Chagos  Archipelago 

Unknown 

y 

16.U 

6U.2 

3200  000 

II 

12. 

88.1 

3200  000 

Satellite 

Positions 

III 

l.Ii 

75.1+ 

3200  000 

h 

10.U3333 

51.3 

230 

Dante 

Unknown 

Station 

I 

13.2 

65.2 

3200  000 

II 

28.8 

68.0 

3200  000 

Satellite 

Positions 

III 

1.7 

7i+.7 

3200  000 

h 

12.53333 

51+.1+8333 

305 

Socotra 

Unknown 

Station 

I 

lU.U 

6U.8 

3200  000 

II 

29.U 

71.6 

3200  000 

Satellite 

Positions 

III 

2.5 

77.1+ 

3200  000 

Limit  -  60°  Zenith  Distance 

FINAL  RESULTS: 

ChagoB  Archipelago  *  215.0 

Uncertainty  (meters) 

Dante 

i  373.2 

It 

tt 

Socotra 

i  235.1 

n 

It 

13 


•  SOCOTRA 


•  OANTt 


SATELLITE  B,  PHASE  11.2 
LIMIT  60'  EENITH  DISTANCE 
KARACHI,  COLOMBO.  CALCUTTA- 
(KNOWN) 

CHAGOS  ARCHIPELAGO,  DANTE,  SOCOTRA 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS  FIXED 
BY  THE  THREE  KNOWN  STATIONS  AND  THE  TWO  UNKNOWN 
STATIONS  FOR  THE  SIMULTANEOUS  OBSERVATIONS 


*  CHAGOS  ARCHIfflAOO 


•3 


70 


74 


71 


VO 


lU 
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90®  Inclination 

SATELLITE  B 

Height  -  3200  KM 
Phase  II  -  3 

Dante,  Chagos  Archipelago,  Mangalore  —  Mogadiscio,  Diego  Suarez, 

Mluritius 


0 

A 

h(meters) 

Name 

1 

10.13333 

51.3 

230 

Dante 

Known 

Stations 

2 

-7.31667 

72.1;3333 

2 

Chagos  Archipelago 

3_ 

12.83333 

75.0 

31 

Mangalore 

li 

2.03333 

U5.33333 

13 

Mogadiscio 

Unknown 
.  Station 

I 

16.6 

65.li 

3200  000 

II 

0.8 

53.1 

3200  000 

Satellite 

Positions 

III 

-8.6 

68.0 

3200  000 

h 

-12.26667 

1;9.3 

II 

Diego  Suarez  Unknomi 

-  - 

Station 

I 

11.6 

56.3 

3200  000 

II 

-U.o 

56.6 

3200  000 

Satellite 

Positions 

in 

-3.2 

72.5 

3200  000 

h 

-20.16667 

57.1;8333 

305 

Mauritius 

Unknown 

OB 

I 

U.o 

51.6 

3200  000 

II 

-7.2 

60.0 

3200  000 

SatelUta 

Positions 

m 

-1.1 

73.6 

3200  000 

FINAL  RESULTS: 


*  155«7  Uncertainty  (meters) 

±  2I48.9  "  " 

±  309.7 


Mogadiscio 
Diego  Suarez 
Mauritius 


n 


SATELLITE  B,  PHASE  II-3 
LIMIT  60^*  ZENITH  DISTANCE 
DANTE,  CHAGOS  ARCHIPELAGO,  MANGALORE 
(KNOWN) 

MOGADISCIO,  DIEGOSUAREZ,  MAURITIUS 
(UNKNOWN) 


•  MOGADISCIO 


•  MANGALORE 


CHAGOS  ARCHIPELAGO 


DIEGO  SUAREZ 


>  MAURITIUS 


90°  Inclination 

SATELLITE  B 

Height  -  3200  KM 


Phase  II  -  li 

Chagos  Archipelago,  Mogadiscio,  Mauritius  —  Mombasa,  Ft.  Dauphin, 

Kilwa 


A 

h (meters) 

Name 

1 

-7.31667 

72.1^3333 

2 

Chagos  Archlnelago 

2 

2.03333 

U5. 33333 

13 

Mogadiscio 

Known 

Stations 

3 

-20.16667 

57.1;8333 

305 

Mauritius 

h 

-1;.06667 

39.68333 

5 

Mombasa 

Unknown 

Station 

T 

U7.U 

3200  000 

II 

li.O 

63.2 

3200  000 

Satellite 

Positions 

III 

-18.0 

60.0 

3200  000 

I; 

-25.03333 

lt7.0 

1000 

Ft.  Dauphin 

Unknown 

Station 

I 

-21.6 

52.2 

3200  000 

II 

-0.3 

Ii8.6 

3200  000 

Satellite 

Positions 

III 

-10.2 

67.0 

3200  000 

k 

-8.75 

39.25 

100 

Kilwa 

Unknown 

Station 

I 

-8.0 

li7.U 

n 

U.5 

60. li 

3200  000 

SatelUte 

Positions 

III 

-15.0 

63.U 

3200  000 

FINAL  RESULTS! 

1 

» 

+ 

Mombasa 

156.8  Uncertaintj  (meters) 

Fort  Dauphin  i 

173.1 

ff  tt 

Kilwa  ± 

157.6 

It  tt 

SATELLITE  B  PHASE  II-4 
LIMIT  60"  ZENITH  DISTANCE 
CHAGOS  ARCHIPELAGO,  MOGADISCIO,  MAURITIUS 
(KNOWN) 

MOMBASA,  FORT  DAUPHIN,  KILWA 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS  FIXED 
BY  THE  3  KNOWN  AND  3  UNKNOWN  STATIONS  FOR  THE 
SIMULTANEOUS  OBSERVATIONS 


12 
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90°  Inclination 

SATELLITE  B 

Height  -  3200  KM 
Phase  II  -  5  it  6 


Lusaka,  Brazzaville, 

Luderitz  -  -  - 

St.  Helena 

A 

h(meters) 

Name 

1  -1?.1;1667 

28.3 

5 

Lusaka 

2  -U.51667 

15.28333 

318 

Brazzaville 

Known 

3  -26.65 

15.15 

5 

Luderitz 

Stations 

h  -15.91667 

-5.91667 

305 

St .Helena 

Unknown 

Station 

I  -16.0 

3.ii 

3200  000 

II  -2.2 

19.2 

3200  000 

Satellite 

III  -29.1 

18.6 

3200  000 

Positions 

FINAL  RESULTS: 

Brazzaville  *  267.8  Uncertainty  (meters) 

±  231.0 


St.  Helena 


tt 


SATELLITE  B,  PHASE  II-5,  6 
LIMIT  60'’  ZENITH  DISTANCE 
LUSAKA,  BRAZZAVILLE,  LUDERITZ 
(KNOWN) 

ST  HELENA 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  1  UNKNOWN  STATION 
FOR  THE  SIMULTANEOUS  OBSERVATION 
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90°  Biclination 

SATELLITE  1 

Height  -  3200  KM 


Phase  II  -  7 


Brazzaville, 

St,  Helena, 

Walvisbaa  — 

-  Ascension, 

Accra,  Lagos 

A 

hCmeters) 

Name 

1  -U.51667 

15.28333 

318 

Brazzaville 

2  -15.91667 

-5.91667 

305 

St.  Helena 

Known 

3  -22.96667 

lU.5 

5 

Walvisbaa 

Stations 

h  -7.95 

-11).  36667 

287 

Ascension 

Unknown 

Station 

I  -26.0 

6.9 

3200  000 

II  -12.0 

1 

CD 

• 

o 

3200  000 

Satellite 

III  1.2 

U.6 

3200  000 

Positions 

k  5.58333 

-0.25 

67 

Accra 

Unknown 

S+ffl  “tl  on 

I  -17.6 

-9.0 

3200  000 

II  -3.2 

-0.8 

3200  000 

Satellite 

III  -10,8 

18.U 

3200  000 

Positions 

1;  6.1;5 

3.lil667 

UO 

jagos 

Unknown 

Station 

I  -12.6 

-8.U 

3200  000 

II  1.5 

11.6 

3200  000 

Satellite 

in  -20.0 

18.7 

3200  000 

Positions 

LIMIT  -  60°  Zenith  Distance 


FINAL  RESULTS; 


Ascension 

179. U 

Uncertainty  (meters) 

Accra 

i 

20U.9 

If 

tt 

Lagos 

t 

180.  li 

tl 

tf 

SATELLITE  B,  PHASE  IL7 
LIMIT  60“  ZENITH  DISTANCE 
BRAZZAVILLE,  ST  HELENA,  WALVISBAAI 
(KNOWN) 

ASCENSION,  ACCRA,  LAGOS 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  3  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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SATELLITE  B 


90°  Ihcllncation 
HEIGHT  -  3200  KM 


Phase  II  -  8 


Ascension, 

Brazzaville, 

Accra  - —  Freetown,  Dakar, 

Boa  Vista 

0 

h( meters) 

Name 

1 

-7.95 

-lU.36667 

287 

Ascension 

2 

-li.5l667 

15.28333 

318 

Brazzaville 

Known 

3 

5.583333 

0.25 

67 

Accra 

Stations 

li 

8.1*8333 

-13.23333 

305 

Freetown 

Unknown 

Station 

I 

6#8 

-7.2 

3200  000 

II 

-15.8 

-6*9 

3200  000 

Satellite 

III 

-1.3 

9.7 

3200  000 

Positions 

ll*.66667 

-18.55 

23 

Dakar 

Unknown 

Station 

"T" 

6.8 

-7.2 

3200  000 

II 

-8.7 

-9.2 

3200  000 

Satellite 

ni 

7*1* 

5.2 

3200  000 

Positions 

h 

16.01667 

-22.55 

31 

Boa  Vista 

Unknown 

Station 

I 

6.8 

-7.2 

3200  000 

II 

-3.5 

-9.6 

3200  000 

Satellite 

III 

13.0 

-0.8 

3200  000 

Positions 

FINAL  RESULTS; 


Freetown 

+ 

11*8.7 

Uncertainty  (meters) 

Dakar 

158.5 

ft 

fl 

Boa  Vista 

± 

202.1 

ft 

tl 

56 


S/VriiLLITE  H,  PHASE  II-8 
LIMIT  (K)^  ZENITH  DISTANCE 
AS('ENSION.  BRAZZAVILLE,  ACCRA 
(KNOWN) 

FREETOWN,  BOA  VISTA,  DAKAR 
(UNKNOWN) 
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90°  Liclination 

SATELLITE  B 

Height  -  3200  KM 


Phase 

II  -  9 

Accra, 

Brazzaville, 

Ascension  — 

Tetuan, 

Oran 

h( meters) 

Name 

1 

^.^8333 

-0.25 

67 

Accra 

2 

-U.51667 

15.28333 

318 

Brazzaville  Known 

Stations 

3 

-7.95 

-lU. 36667 

287 

Ascension 

I 

-18.8 

-5.0 

3200  000 

Satellite 

Positions 

II 

13.9 

-2.0 

3200  000 

Fixed  by 
Known 

III 

-17.8 

8.1i 

3200  000 

Stations 

h 

35.58333 

-5.38333 

10 

Tetuan 

Unknown 

Stati<m 

I 

60.2 

-1.6 

3200  000 

Satellite 

Positions 

n 

13.5 

-17.2 

3200  000 

Fixed  by 
Unknown 

in 

28.8 

18  .U 

3200  000 

Station;.’ 

h 

35.33333 

-0.3 

31 

Oran 

Unknown 

Station 

1 

60.2 

-1.6 

3200  000 

Satellite 

Positions 

n 

17.0 

-17.2 

3200  000 

Fixed  by 
Unknown, 

in 

18.8 

18. U 

3200  000 

Station^ 

Limit  60°  Zenith  Distance 


FINAL  RESULTS; 

Tetuan  -  23U»6  Uncertainty  (meters) 
Oran  t  199. 1;  ••  « 
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SATELLITE  B.  PHASE  11-9 
LIMIT  60^  EENITH  DISTANCE 
ACCRA,  BRAEZAVILLE,  ASCENSION 
(KNOWN) 

TETUAN,  ORAN 
(UNKNOWN) 


61 


90°  Inclination 

SATELLITE  B 

Height  -  3200  KM 
Phase  HI  -  1 


Ascension, 

Accra,  Dakar 

— —  Fernando  de  Noronha, 

Recife 

A 

h(meters) 

Name 

1 

-7.95 

-lli.36667 

287 

Ascension 

2 

5.58333 

-0*25 

67 

Accra 

Knotm 

3 

1U*66667 

-18.55 

23 

Dakar 

Stations 

h 

-3.66667 

-32*1^1667 

50 

Fernando  de 

Unknown 

Noronha 

Station 

I 

-0*8 

-2l*.U 

3200  000 

II 

16*8 

-16*7 

3200  000 

Satellite 

III 

-7.8 

-8*0 

3200  000 

Positions 

h 

-8*15 

-31*.78333 

100 

Recife 

Unknown 

Station 

I 

-0*8 

-2li*U 

3200  000 

II 

lU.l 

-23.7 

3200  000 

Satellite 

III 

-8.6 

-9.8 

3200  000 

Positions 

Limit  -  60°  Zenith  Distance 


FINAL  RE5PLI5; 

Fernando  de  Noronha  ^  200*5  Uncertainty  (meters) 
Recife  -  312*5  "  '• 


G'/ 


SATELLITE  B,  PHASE  III-l 
LIMIT  60°  ZENITH  DISTANCE 
ASCENSION,  ACCRA,  DAKAR 
(KNOWN) 

FERNANDO  DE  NORONHA,  RECIFE 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  2  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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SATELLITE  C 


UO^  Inclination 
Height  -  IlOU  KM 


Phase  III  -  2 


Fernando  de 

Noronha,  Pamaiba,  Aracaju  — 

Freetown 

0 

A 

h(meters) 

Name 

1 

-3.66667 

-32.U1667 

50 

Fernando 

de  Noronha 

2 

-3.75 

-12.25 

50 

Pamaiba 

Known  . 
Stations 

_3_ 

-11.03333 

-37.03333 

100 

Aracaju 

I 

-1.5 

-Wi.l 

noli  000 

Satellite 

Positions 

II 

-0.8 

-30.7 

noli  000 

Fixed  by 
Known 

III 

-lli.6 

-38.2 

noli  000 

Stations 

U 

8.5 

-13.16667 

305 

Freetown 

Unknown 

Station 

I 

0.1 

-20.1 

noli  000 

Satellite 

Positions 

II 

17.1 

-30.2 

noli  000 

Fixed  6y 
Unknown 

ni 

15.0 

-2.2 

noli  000 

Station 

Lindt  -  60^  Zenith  Distance 


FINAL  RESULTS; 

Freetown  -  I5l*l  Uncertainty  (meters) 


SATELLITE  C.  PHASE  111-2 
FERNANDO  DE  NORONHA.  PAHNAIBA.  AHAC'AJP 
(KNOWN) 

FREETOWN 

(UNKNOWN) 


30 


-32 


-34 


-3* 


-30 


-40 


-  42 


2,  FERNANIX)  DE  NORONHA, 
PARNAIBA.  ARACAJU  (KNOWN) 
SATELLITE  POSITIONS  FIXED  BV 
THE  3  KNOWN  STATIONS  FOR 
THE  ORBITAL  OBSERVATION. 


23  30  II  U  13  10  I  6  4  2  0  -  2  -4  -I  .|0  -12  -14  16 
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90°  Inclination 

SA.TELLITE  D 

Height  -  3200  KM 
Phase  III  -  3 

Arica^  Buenos  Aires>  Rio  de  Janeiro  •—  Palmer  Peninsula^  Punta  Arenas 

Falkland  Islands 

r  ^  h  (meters)  Name 


1  -18.^3333 

2  -31;.  58333 

3  -23.25 

-70.36667 

-58.33333 

-li3.5 

300 

25 

300 

Arica 

Buenos  Aires  Knom 

Stations 

Rio  de  Janeiro 

h  -6k.2S 

-59.5 

100 

Palmer  Peninsula  Unknown 
Station 

1  -25.8 

-68,U 

3200  000 

Satellite 

Positions 

n  -28.2 

-li7.1; 

3200  000 

Fixed  by 
Known 

III  -1;1,5 

-60.7 

3200  000 

Stations 

I  -1;0.8 

-67.6 

3200  000 

Satellite 

Positions 

II  -76.0 

-37.2 

3200  000 

Fixed  by 
Unknown 

III  -85.2 

-73.2 

3200  000 

Station 

U  -53.16667 

-71.0 

koo 

Phnta  Arenas  Unknown 

Station 

I  -2^.6 

-68.1; 

3200  000 

II  -35.0 

-51.7 

3200  000 

Satellite 

Positions 

III  -1;1.6 

-60.6 

3200  000 

U  -51.08333 

-57.65 

200 

Falkland  Unknown 

I  -28.2 

-68.0' 

3200  000 

n  -28.2 

-1;7.5 

3200  000 

Satellite 

Positions 

III  -1;1.6 

-60.6 

3200  000 

FINAL  RmOLTS: 

Palmer  Peninsula 

:  U35.5 

Uncertainty  (meters) 

Punta  Arenas 

i  1110.7 

ti  II 

Falkland  Islands 

i  261.9 

If  11 
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SATELLITE  D»  PHASE  III-3 
LIMIT  60*  ZENITH  DISTANCE 
ARICA,  BUENOS  AIRES,  RIO  DE  JANEIRO 
(KNOWNS) 

PALMER  PENINSULA.PUNTAS  ARENAS.FALKLANDS 
(UNKNOWNS) 


/lA,  ARICA,  BUENOS  AIRES,  RIO 
^  DE  JANEIRO  (KNOWNS)  PUNTAS 
ARENAS  &  FALKLANDS  (UN¬ 
KNOWNS)  STATION  COORDI¬ 
NATES  AND  SATELLITE  POSI¬ 
TIONS  FIXED  BY  THE  3  KNOWN 
AND  2  UNKNOWN  STATIONS  FOR 
SIMULTANEOUS  OBSERVATION. 
IB.  SATELLITE  POSITIONS  FIXED 
BY  THE  3  KNOWN  STATIONS 
FOR  THE  ORBITAL  OBSERVA¬ 
TION. 


•  mo  OE  JANEIRO 


2.  PALMER  PENINSULA  (UN¬ 
KNOWN)  SATELLITE  POSITIONS 
FIXED  BY  THE  UNKNOWN  STA¬ 
TION  FOR  THE  ORBITAL  OB¬ 
SERVATION. 


•RAIMER  HNINSUU 
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90°  Inclination 

SATELLITE  D 

Height  -  3200  KM 
Phase  III  -  ii 


Parnaiba,  Rio  de  Janeiro,  Arica  —  Trinidad,  Buenos  Aires 


0 

h( meters) 

Name 

1 

-3.75 

-U2.25 

50 

Parnaiba 

2 

-23.25 

-1*3.5 

300 

Rio  de  Janeiro  Known 

Stations 

3 

-18.53333 

-70.36667 

300 

Arica 

10.5 

-61.5 

200 

Trinidad 

Unknown 

Station 

I 

-11.2 

-6U.8 

3200  000 

II 

-U.o 

-Ul.3 

3200  000 

Satellite 

Positions 

III 

-2.8 

■61.^ 

3200  000 

U 

-31.58333 

-58.33333 

25 

Buenos  Aires 

Unknown 

Station 

I 

-10.8 

-65.5 

3200  000 

II 

-21.8 

-36.9 

3200  000 

Satellite 

Positions 

III 

-26.0 

-53.2 

3200  000 

FINAL  RESULTS: 

“nrinidad  t  265.6  Uncertainty  (jneters) 
Buenos  Aires  ♦  I9I4.6  •*  ” 
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SATELLITE  D,  PHASE  111-4 
LIMIT  60'’  ZENITH  DISTANCE 
PARNAIBA,  RIO  DE  JANEIRO,  ARICA 
(KNOWN) 

TRINIDAD,  BUENOS  AIRES 
(UNKNOWN) 


STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  2  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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SATELLITE  D 


90°  Inclination 
Height  •  3200  KM 


Phase  III  -  5 


Trinidad^  San  Jose^  lima  Galapagos 


0 

h( meters) 

Name 

1 

10.5 

-61.5 

200 

Trinidad 

2 

9.5 

-85.5 

1500 

San  Jose 

Knoim 

Stations 

3 

-12.03333 

-77.03333 

1000 

lima 

h 

0 

-89.00 

100 

Galapagos 

Unknotm 

Station 

I 

-11.8 

-72.1i 

3200  000 

U 

h.O 

-6U.li 

3200  000 

Satellite 

Positions 

III 

12.0 

-86.5 

3200  000 

limit  60°  Zenith  Distance 


FINAL  RESULTS; 

Galapagos  -  123«3  Uncertainty  (meters) 
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SATELLITE  D,  PHASE  IIL5 
LIMIT  60*^  ZENITH  DISTANCE 
TRINIDAD,  SAN  JOSE,  LIMA- 
(KNOWN) 
GALAPAGOS 
(UNKNOWN) 


SATELLITE  POSITIONS  FIXED  BY  THE 
3  KNOWN  STATIONS  AND  THE  UNKNOWN 
STATION  FOR  THE  SIMULTANEOUS  OBSERVATION 
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90°  Inclination 

SATELLITE  D 

Height  «  3200  KM 
Phase  III  -  6 


Memphis,  Haiti,  Manganillo  - —  Galapagos,  Clipperton,  Bermuda 


0 

A 

hCme'ters) 

Name 

1 

3^.71667 

-89.75 

50 

Men^his 

2 

19.0 

-72.0 

500 

Haiti 

Known 

S-bations 

3 

19.5 

-lOli.O 

200 

Manganillo 

h 

0 

-89.0 

100 

Galapagos 

Unknown 

Station 

I 

9.6 

-88.0 

3200  000 

II 

2U.0 

-96.il 

3200  000 

Satellite 

Positions 

III 

23.0 

-79.U 

3200  000 

k 

10.5 

-106.33333 

100 

Clipperton  Unknown 

Station 

I 

15.2 

-96.8 

3200  000 

II 

32.0 

-93.il 

3200  000 

Satellite 

Positions 

in 

12.8 

-81. li 

3200  000 

h 

32.31667 

-61.83333 

100 

Bermuda 

Unknown 

Station 

I 

37.1 

-89.2 

3200  000 

II 

26.1j 

-80.0 

3200  000 

Satellite 

Positions 

III 

12.6 

-80.0 

3200  000 

Limit'  -  60^  Zenith  Distance 


FINAL  RESULTS: 

Galapagos  -  189 *8  Uncertainty  (meters) 
Clipperton  i  17U.8  "  « 

Bermuda  i  U30.8  "  •» 
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40 


36 


32 


38 


24 


20 


16 


12 


8 


•  MAKGANILLO 


.CimBTON 


SATELLITE  D,  PHASE  1II-6 
LIMIT  6()  ZENITH  DISTANCE 
MEMPHIS,  HAITI,  MANGANILLO 
(KNOWN) 

GALAPAGOS,  CLIPPERTON,  BERMUDA 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  STATIONS  AND  THE  3  UNKNOWN 
STATIONS  FOR  THE  SIMULTANEOUS  OBSERVATIONS 


.HAITI 


•  BERMUDA 


oK- 


/iALAPAGOS 


-112 


-108 


-96 


-92 


60 
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90°  Inclination 

SATELLITE  D 

Height  -  3200  KM 
Ph»«e  IV  -  1 


Hawaii,  Midway,  Howland  —  Christmaa,  Canton 


A 

hCmeters) 

Name 

1 

19.21667 

-155.86667 

lt57 

Hawaii 

2 

28.21667 

-177.33333 

3 

Midway 

Known 

Stations 

3_ 

0.8 

-176.63333 

9 

Howland 

1; 

2.0 

-157.5 

2 

Christmas 

Tbiknown 

Station 

I 

3.5 

-179.2 

3200  000 

II 

lli.U 

-152.6 

3200  000 

Satellite 

Positions 

in 

22.0 

-176.lt 

3200  000 

k 

-2.5 

-171.8 

10 

Canton 

Unknown 

Station 

1 

3.5 

-179.2 

3200  000 

n 

1U.U 

-152.6 

3200  000 

Satellite 

Positions 

ni 

22.0 

-176.lt 

3200  000 

limit  60°  Zenith  Distance 

FINAL  RESULTS: 

Christmas  - 

llt6.5  Uncertainty  (meters) 

Canton  - 

133.6  " 

ft 

SATELLITE  D,  PHASE  IV-l 
LIMIT  60“  ZENITH  DISTANCE 
HAWAII,  MIDWAY,  HOWLAND- 
(KNOWN) 

CHRISTMAS,  CANTON 
(UNKNOWN) 

STATION  COORDINATES  AND  SATl  LLTTE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  2  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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SATELLITE  D  90°  Inclination 
Height  ■  3200  KM 
Phase  IV  -  2 


Howland,  Christmas,  Johnston  —  Upolu,  Tonga,  Papeete 


0 

h( meters) 

Name 

1 

0.8 

-176.63333 

9 

Howland 

2 

1.98333 

-1^7.18333 

2 

Christmas 

Known 

Stations 

3 

16.75 

-169.51667 

12 

Johnston 

h 

-13.6667 

-171.7 

18 

Upolu 

Unknown 

Station^ 

9.2 

Itftt 

3200  000 

U 

-8.1 

-168.0 

3200  000 

Satellite 

Positions 

m 

1.6 

-152.0 

3200  000 

k 

-23 .26667 

-175.11667 

U9 

Tonga 

Unknown 

Station 

~T 

2.li 

I77TS 

3200  000 

II 

-8.0 

-171.2 

3200  000 

Satellite 

Positions 

III 

-U.9 

-156.U 

3200  000 

U 

-17.55 

-1U9. 56667 

0 

Papeete 

Unknown 

Station 

I 

-7.7 

-172.6 

3200  000 

II 

—5.6 

-157.6 

3200  000 

Satellite 

Positions 

III 

7.0 

-152.8 

3200  000 

FINAL  RESULTS; 

Upolu  -  190.6 
Tonga  *  Ulli»U 
Papeete  -  396.8 


Limit  60°  Zenith  Distance 
Uncertainty  (meters) 
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SATELLITE  D,  PHASE  IV.2 
LIMIT  60"  ZENITH  DISTANCE 
HOWLAND,  CHRISTMAS.  JOHNSTON 
(KNOWN) 

UPOLU,  TONGA,  PAPEETE 
(UNKNOWN) 


STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  3  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 


\ 


77 


90°  Inclination 

SATELLITE  D 

Height  -  3200  KM 


Phase  IV  -  3 


Nauru,  Howland,  Tonga  - 

-  -  Nandi, 

Guadalcanal, 

New  Caledonia 

9^ 

A 

h(iTieters) 

Name 

1  -0.53333 

166,91667 

8 

Nauru 

2  0.8 

-176.63333 

9 

Howland 

Known 

Stations 

3  -21.26667 

-175.11667 

1:9 

Tonga 

1:  -17.9 

177.1:5 

19 

Nandi 

Unknown 

Station 

I  -11.8 

161.9 

3200  000 

II  -23.2 

177.0 

3200  000 

Satellite 

Positions 

III  2.6 

-168,1: 

3200  000 

• 

li  -9.i:3333 

159.96667 

6 

Guadalcanal  Unknown 
Station 

I  -11.8 

161.9 

3200  000 

n  -20.0 

-176.5 

3200  000 

Satellite 

Positions 

III  2.8 

-178.7 

3200  000 

h  -22,05 

166,18333 

17 

New  Caledonia  Unknown 
Station 

I  -20.0 

169.6 

3200  000 

II  -12.0 

-171.0 

3200  000 

Satellite 

Positions 

in  1.3 

17l:.8 

3200  000 

Limit  60°  Zenith  Distance 


FINAL  RESULTS: 

-  Nandi  *  lOU.O  Uncertainty  (meters) 

Guadalcanal  -  169.2  "  ” 

New  Caledonia  i  190.9  "  " 
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SATELLITE  D,  PHASE  IV-3 
LIMIT  60“  ZENITH  DISTANCE 
NAURU,  HOWLAND.  TONGA 
(KNOWN) 

NANDI,  GUADALCANAL,  NEW  CALEDONIA 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  3  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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90®Inclination 

SA.TELLITE  D 

Height  -  3200  KM 
phase  TV  -  k 


Nandi,  Guadalcanal,  Brisbane  -  -  Auckland,  vrellingto* 


0 

A 

h(meters) 

Name 

1 

-17.9 

177. U5 

19 

Nandi 

2 

-9,U33:3 

159.96667 

6 

Guadalcanal 

Known 

Stations 

3 

-27.5 

152.83333 

150 

Brisbane 

-36.86667 

171.8 

30 

Auckland 

Unknown 

Station 

T" 

-32.1 

1^9.6 

3200  000 

II 

-2ii.2 

153.5 

3200  000 

Satellite 

Positions 

III 

-12.2 

172. U 

3200  000 

k 

-39.16667 

17U.78333 

31 

vrellington 

Unknown 

Station 

~r“ 

■|^«|| 

II 

-25.6 

153.9 

3200  000 

Satellite 

Positions 

III 

-lli.li 

17U.0 

3200  000 

Limit  -  60°  Zenith  Distance 


FINAL  RESITLTS; 

Auckland  *  210.6  Uncertainty  (meters) 
Wellingtoni  213.5  "  " 
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SATELLITE  D,  PHASE  IV-4 
LIMIT  60°  ZENITH  DISTANCE 
NANDI,  GUADALCANAL,  BRISBANE 
(KNOWN) 

AUCKLAND,  WELLINGTON 
(UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  2  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATIONS 
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90°  Inclination 

SATELLITB 

D 

Height 

-  3200  KM 

Phase 

V  -  1 

SidLIfni, 

Tunis,  Brest  -  -  -  Pico 

0 

h(meters) 

Name 

1 

29.38333 

-10.18333 

h9 

Sidi  Ifni 

2 

36.8 

10.18333 

IS 

Tunis 

Known 

Stations 

3 

U8.U 

-U.h8333 

91 

Brest 

h 

38.05 

-27.05 

305 

Pico 

Unknown 

Station 

~T~ 

lil.2 

-lit.li 

3200  000 

II 

53.0 

-8.0 

3200  000 

Satellite 

Positions 

ni 

23.6 

-7.6 

3200  000 

Limit  60°  Zenith  Distance 


FINAL  REStTLTS; 

Pico  ~  360,7  Uncertainty  (meters) 
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SATELLITE  D,  PHASE  V  I 
LIMIT  60*  ZENITH  DISTANCE 
SIDI  IFNI,  TUNIS,  BREST-PICO 

(KNOWN)  (UNKNOWN) 
STATION  C(X)RDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  1  UNKNOWN 
STATION  FOR  THE  SIMULTANEOUS  OBSERVATION 


-32  -23  -24  -20  -13 


-I 

X 


0 


4 


12  !3  20 
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SATELLITE  D 


90°  Inclination 
Height  -  3200  KM 


Phase  V  -  2 


Molde,  Kenmare,  Reykjavik  -  -  -  Jan  Mayen 


0 

A 

h(meters) 

Name 

1 

62.06667 

-7.21667 

911: 

Molde 

2 

51.88333 

-9.58333 

305 

Kenmare  Known 

Stations 

3 

61:.13333 

-21.91667 

0 

Reykjavik 

h 

71.13333 

-8.03333 

30$ 

Jan  Mayen  Unknown 

Station 

T~ 

1:6.  U 

-1. 3 

II 

63.2 

-31.8 

3200  000 

Satellite 

Positions 

in 

7l:.6 

0.8 

3200  000 

FINAL  RESULTS: 


Jan  Mayen  i  16? •h  Uncertainty  (meters) 
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90°  iBclinatloK 

SATELLITB  D 

Height  -  3200  KM 

Phaee  V  -  3 


Nanriki  Heliinkl,  Shetland  -  >  -  Sorkaap 


A 

h( meters) 

Name 

1 

68.U1667 

17.1^1667 

HiUB 

Narvik 

2 

60.16667 

2li.  93333 

123 

Helsinki 

Known 

Stations 

3 

60.38333 

-1.35 

152 

Shetland 

li 

76.25 

16.5 

200 

Sorkaap 

Unknown 

Station 

57.8 

0.6 

3200  000 

II 

51i.5 

21.9 

3200  000 

Satellite 

Positions 

III 

80.9 

12.0 

3200  000 

Limit  60°  Zenith  Distance 

FINKL  RESULTS; 

Sorkaap  -  223*6  Uncertainty  (meters) 
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SATELLITE  D,  PHASE  V-3 
LIMIT  60'  ZENITH  DISTANCE 
NARVIK,  HELSINKI,  SHETLAND-SORKAAP 
(KNOWN)  (UNKNOWN) 

STATION  COORDINATES  AND  SATELLITE  POSITIONS 
FIXED  BY  THE  3  KNOWN  AND  1  UNKNOWN  STATIONS 
FOR  THE  SIMULTANEOUS  OBSERVATION 


SHETUND 


HELSINKI 


SUMMiRI 

FINAL  RESULTS 


Known  Sltea 

Unknown  Sitea 

Uncertainty 
(meter a) 

Johnaton 

Kauai 

Layaan 

Tarawa 

-  99.3 

Johnaton 

Palmyra 

561.8 

Kauai 

Hawaii 

Howland 

157.8 

Wake 

Midway 

102.2 

Eniwetok 

Maloelap 

Howland 

195. 

Wake 

Tarawa 

1*07.1 

Eniwetok 

Nauru 

521.8 

I&loelap 

Kuaaie 

160.0 

Wake 

Tokyo 

103.li 

Eniwetok 

Ponape 

159.0 

Maloelap 

Marcua 

11*1.8 

Kuaaie 

Poaape 

Eniwetok 

Truk 

229.2 

Truk 

Puluauk 

126.2 

Ponape 

Kapingamarangi 

Ifalik 

262.1 

Truk 

Saipan 

281.9 

Ifalik 

Guam 

215.1* 

Manua 

Ulithi 

193.9 

Truk 

Palau 

369.9 

Ifalik 

Manua 

New  Guinea 

297.2 

Kapingamarangi 

Port  Mbreaby 

209.1 

Rabaul 

Cooktowa 

292.9 

Manua 

Townaville 

288,5 

UUthi 

Catabato 

589.6 

Babelthuap 

Kaan  DUIrrllle 

Siirigao 

509.5 

SUMMARY 

FINAL  RESULTS 


Satellite  Phase  No*  Knovm  Sites  Unkncnm  Sites  Uncertalntj 

(meters) 


B 

I  - 

12 

Kaap  D'Urville 

Darwin 

+  181.6 

Kuching 

Aparri 

Wyndham 

■  203.1 

C 

II  - 

1 

Laccadives 

Maldives 

Colunbo 

Cocos  Island 

393.5 

B 

II  - 

2 

Karachi 

Chagos  Archipelago 

215.0 

Colunibo 

Dante 

373.2 

Calcutta 

Soiiotra 

235.1 

B 

II  - 

3 

Dante 

Mogadiscio 

155.7 

Chagos  irch* 

Diego  Suarez 

2U8.9 

Mangalore 

}hurltlus 

309.7 

B 

II  - 

h 

Chagos  Arch. 

Hsmbasa 

156.8 

Mogadiscio 

Fort  Dauphin 

173.1 

Mauritius 

Kilwa 

157.6 

B 

II  -^,6 

Lusaka 

Brazzaville 

267.8 

Brazzaville 

Luderitz 

Saint  Helena 

231.0 

B 

II  - 

7 

Brazzaville 

Ascension 

179.U 

Saint  Helena 

Accra 

20U.9 

Walvisbaa 

Lagos 

180.U 

B 

n  - 

8 

Ascension 

Freetown 

11|8.7 

1 

Brazzaville 

Dakar 

158.5 

Accra 

Boa  Vista 

202.1 

B 

II  - 

9 

Accra 

Tetoan 

23U.6 

Brazzaville 

Ascension 

Oran 

199.li 

B 

m  - 

1 

Ascension 

Fernando  de  Noronlu 

L  200.5 

Accra 

Dakar 

Recife 

312.5 

C 

m  - 

2 

Fernando  de 
Noronha 
Pamalba 
Aracaju 

Freetown 

151.1 

SUMMARY 

FINAL  RESULTS 

Satellite  Phase  No,  Known  Sites  Unknown  Sites  Uncertainty 


v^.  SUMMARY  OF  RBSULTS 


The  probable  error  in  the  correctioni  to  the  unknown  poaitiona 
la  a  function  of  the  relationahlpa  between  the  three  known  atatlona 
and  the  area  of  aimultaneity;  relatively  large  errors  indicate  that 
the  atatlona  were  poorly  positioned.  In  this  case  a  longer  obaerva- 
tlonal  period  would  be  required  in  order  to  obtain  a  smaller  probable 
error. 

VI'  CONCLUSION 

The  deteminatlon  of  the  coordinates  of  an  unknown  geodetic 
point  on  the  earth  in  relation  to  other  known  points  can  be  aecom~ 
plished  through  the  use  of  satellites  with  known  heights  and  inclina¬ 
tions.  Given  the  geometry  set  by  the  three  points  whose  positions 
are  known  and  the  unknown  point,  the  error  in  the  corrections  to  the 
position  determined  for  the  unknown  point  can  be  computed  by  applying 
the  principle  of  propagation  of  errors.  The  results  of  this  error 
analysis  are  affected  to  a  great  extent  by  the  geometric  configura¬ 
tions  chosen  and  by  the  type  of  satellite-tracking  equipment  enqployed. 
For  a  more  accurate  determination  of  the  geodetic  positions,  the 
equipment  and  geometric  configurations  used  must  be  iii;)roved. 

This  report  is  intended  to  present  a  san^le  world-wide  satellite 
tracking  program  and  to  give  the  results  which  could  be  expected  from 
such  a  program  if  it  were  to  be  carried  out.  The  program  presented 
is  not  to  be  considered  as  a  final  plan. 
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